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© A light transmissive electrophoretic image display 
device is provided, which device comprises a light trans- 
missive first panel element (34) and a light transmissive 
second panel element (24). A light transmissive first elec- 
trode (44) and a iiyiu trans missive second eiecirode (70) 
are disposed on the opposing surfaces of the first and se- 
cond panel element (34. 24) respectively. A light trans- 
missive fluid 68 containing colloidal particles (76) having 
a charge of one polarity is held between the plate elements 
(34, 24). The refractive indices of the fluid (68) and the 
particles (76) differ from each other and the second panel 
element (24) has a refractive index greater than the re- 
fractive index of the fluid (68). Illumination (26) received 
in the second panel element (24) is totally internally re- 
flected at the regions free of particles (76) and illumination 
(26) is coupled into the device at the regions (80) where 
particles (76) are present. The device can also be used in 
a reflective mode in order to provide projection of the 
image formed by the device to a viewing screen. 
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The invention is related to an electrophoretic 
image display device comprising a light transmissive first 
panel element, a light transmissive second panel element 
spaced, from said firs t panel element, a liglit transmissive 

5 first electrode disposed on said first panel element, a 

light transmissive second electrode disposed on said second 
panel element, said first and second electrode being dispos- 
ed on opposite surfaces of tlie first and second panel 
elements, an insulating fluid disposed between said first 

10 and second panel element, said fluid containing colloidal 
particles in suspension and said particles having a charge 
of one polarity. 

Such a device is disclosed in United States Patent 
Specification 3,668,106. This electrophoretic image display 

15 (EPID) device is a passive, light scat tering- type display. 
In one embodiment, the pigment particles are negatively 
charged with respect to the fluid. If a positive potential 
is applied to an electrode in electrical contact with the 
suspension, the negatively charged pigment particles will 

20 be attracted to that electrode. A negative potential on 
an electrode repels the particles. When light coloured 
pigment particles are attracted to the transmissive panel 
element, the observer looking at the panel sees the reflec- 
ted colour of the pigment. A dark-coloured dye is included 

25 in the insulating fluid, so that the pigment particles 
at the back of the cell are obscured by the opaque fluid 
and the observer sees only the reflected colour of the 
fluid. When the polarity of the voltage on the electrodes 
is reversed the position of the colour is reversed. The 

30 described EPID device also possesses "memory" since the 
particles remain on the electrodes after the applied vol- 
tages are removed due to chemical, electrical, or van der 
Waals forces. 
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Anot lie or electrophoretic image display device is 

disclosed in tlie European Patent Application 0,002,094. Tills 
device comprises a third control electrode, which is inter- 
posed between the first and second electrodes, and is 
5 separated from the second electrodes by an insulating 

layer. Tlie third control electrode adjusts the electrical 
field between the first and second electrodes to establish 
a threshold for transporting the particles, causing an image 
to be formed on the main electrodes by the presence or 

10 absence of the particles. The first and third electrode 
each form a plurality of strip-shaped conductors, whereby 
the conductors of the third electrode cross the conductors 
of the first electrode. In this way a device is obtained, 
which is matrix addressable. 

15 The devices disclosed in the above applications 

are highly desirable and provide a significant advance in 
the art. However, these devices require the presence of an 
opaque dye in the insulating fluid so as to prevent light 
from colloidal particles that are not present at "written" 

20 areas of the display, from reaching the viewer. Because 
of the opaque dye these devices are limited to light- 
scattering and direct viewing type devices. 

It is therefore an object of the invention to 
provide a light- transmitting EPID device, which overcomes 

25 this shortcoming and provides additional benefits by not 
requiring the presence of an opaque dye in the insulating 
fluid. Another object of the invention is to provide an 
EPID-device, which not requires an opaque dye and which 
operates in the reflection mode in order to provide pro- 

30 jection of the image formed by the EPID-device . to a remote 
viewing apparatus. 

These objects of the present invention are made 
possible by using an electrophoretic image display device 
of the kind mentioned in the preamble, which is charac- 

35 terized in that the insulating fluid and the particles are 
light transmis sive and have refractive indices that are 
different from each other, and the second panel element has 
a refractive index greater than the refractive index of the 
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fluid, such that the refractive indices of said particles 
and said second panel element define a critical angle which, 
is greater than the angle of incidence of illumination at 
the interface between the second panel element and the 

5 fluid, and the refractive indices of said fluid and said 
second panel element define a critical angle which is 
smaller than the angle of incidence of illumination at the 
said interface. At the areas where no particles are present 
illumination which enters the second panel element is 

10 totally internal reflected at the interface, because the 
fluid has a refractive index lower than that of the second 
panel element. At these areas no light is transmitted, 
which cause corresponding parts of the image to be dark 
when viewed from the side of the first panel element. At 

15 the areas where colloidal particles are present light is 
coupled into the suspension by the colloidal particles, 
because the refractive indices of the particles and the 
second panel element define a critical angle which is 
greater than the angle of incidence of illumination at the 
20 interface. At those areas light is transmitted through the 
device . 

It is noted that from the German Patent Appli- 
cation 2,509,867 a liquid crystal display device is known, 
which has a totally internal reflective surface at the 
25 interface with the liquid crystal film. The total reflec- 
tion can be disturbed by varying the orientation of the 
liquid crystal molecules in the liquid crystal film, and 
therewith varying the index of refraction of the liquid 
crystal film. The device according to the invention does 
30 not use a liquid crystal display, but an electrophoretic 
image display, which is provided with pigment particles 
suspended in a light— transmis sive insulating fluid. 

The refractive indices of the particles and the 
second panel element can be such that the particles have 
35 a refractive index greater than that of said second panel 
element. The second panel element has for example a refrac- 
tive index of about 1.7> the fluid a refractive index of 
1.5, and the particles a/ refractive index of abovit 2.0 0 
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The refractive indices of the particles and tlie 

second panel element can also be such that tlie particles 
liave a refractive index smaller than that of the second 
panel element. 

5 Various elements having many respective indices 

of refraction can be used for the second panel element, 
so long as the critical angle for the fluid is smaller 
than and the critical angle for the particles is greater 
than the angle of the illumination at the interface between 

10 the second panel element and the fluid. 

According to a first embodiment the second panel 
element comprises a prism. The prism has a first and a 
second surface, with the first prism surface being adapted 
to receive illumination, which illumination is refracted 

15 towards the secorfd prism surface. The illumination is re- 
flected at the interface between the second surface and 
the fluid. At the interface total internal reflection of 
the illumination occurs except at the areas the colloidal 
particles are present. At those areas light is coupled 

20 into the fluid and reaches the viewer at the side of the 

first panel element. In this way a light transmissive EPID- 
device is obtained, which has good contrast and a wide 
viewing angle . 

It is also possible to operate the display device 

25 according to the first embodiment in the reflection mode. 
Such a reflective type EPID-device can advantageously 
be used in a projection display system to control the re- 
flection of light from a light source to a viewing screen. 
At the areas of the interface between the prism and the 

30 fluid where particles are present, the reflection of the 
light is frustrated. These areas will appear as a dark 
image on the viewing screen since little light is reflected 
from the interface . 

According to a second embodiment the second panel 

35 element comprises a member having a surface with a generally 
sawtooth profile at the side of said interface. The mode 
of operation is generally the same as that for the prism. 
Total internal reflection occurs at those areas of the - - 
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interface that are free of* particles and light coupling 

occurs at other areas at which, colloidal particles are 
located. 

According to a third embodiment the second panel 
5 element comprises a member having a substantially flat first 
surface at the side of said interface, a second surface 
substantially parallel to said first surface, and further 
a third surface which is angularly disposed with respect 
to said first surface. The third surface functions as a 
10 light receiving surface. Illumination impinging upon this 
third surface enters the member, where it is reflected be- 
tween the first and second surfaces light is coupled into 
the suspension at those interface areas, at which colloidal 
particles are present and is totally ref jLected - f rom other 
15 interface areas free of particles . 

The invention will now be described in greater 
detail with reference to the accompanying drawing in which 

Fig. 1 is a sectional side elevation view sche- 
matically depicting an ele ctrophore tic display device 
20 according to the prior art cell. 

Fig. 2 is a sectional side elevation view 
schematically depicting a light -transmit ting EPID cell 
according to a first embodiment of the present invention; 

Fig. 3 is a cutaway perspective view of the device 
25 shown in Fig. 2; 

Figs, h and 5 are sectional side elevation views 
schematically depicting light-transmitting EPID cells 
according to a second and third embodiment of the present 
invention. 

30 Fig. 6 is a partial schematic view depicting a 

projection display system comprising an electrophoretic 
display device according to the present invention operating 
in the reflection mode; and 

Fig. 7 is a sectional side elevational view 
35 schematically showing the electrophoretic display device 
in the projection display system shown in Fig. 6. 

In Figure 1 an electrophoretic display device 
according to the prior art is shown. The device is a passive 
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ligh/b scattering type display and consists of two panel 

elements 1 and 2, of* which, the panel element 2 is trans- 
parent. Tlie panel element 2 is provided with, a number of 
transparent electrodes 3 and the panel element 1 is provided 

5 with, an electrode h m Between the panel elements 1 and 2 an 
opaque insulating fluid 5 is held. The fluid 5 contains 
colloidal pigment particles 6 in suspension. Substantially 
all of the particles have a charge of one polarity. If, 
for example, the pigment particles are negatively charged, 

10 a positive potential applied to an electrode 3 will attract 
the particles to that electrode. An observer 7 looking at 
tlie device sees at that electrode 3 tlie reflected colour 
of th.e pigment particles 6. A negative potential applied 
to an electrode 3 repels the particles and now tlie observer 

15 sees only tlie reflected colour of the opaque fluid 5. Tlie 
described RPID cell also possesses "memory" since the 
particles 6 remain on the electrodes after the applied 
voltages are removed due to chemical electrical or van der 
Vaals forces. 

20 Referring to Pigs. 2 and 3, there is schematically 

shown a sectional side elevation view of an EPID device 20 
according to a preferred embodiment of the present invention, 
Tlie electrophoretic display device 20 contains an electro- 
plioretic cell element 22 (described below) and a ligiit 

25 transmissive panel 24 tbat can receive illumination 26 and 
3 gtvs to cause total internal reflection of such, illuniins.^ 
tion. ^iie ligiit transmissive panel 2h comprises, in tliis 
embodiment, an optical prism having first and second sur- 
faces 28, 30 with, the first prism surface 28 being adapted 

30 to receive illumination 26, which, illumination is refracted 
towards the second prism surface 30 as shown 0 The illumina- 
tion 26 is reflected at the interface between the colloidal 
suspension 60 and the second surface 30 (as indicated by 
arrows 32), i.e., total internal reflection of the illumi- 

35 nation or light rays occurs, except at predetermined areas 
of the second surface 30, as indicated liereinaf ter . Tlie 
cell element 22 comprises a ligbt transmissive panel plate 
jh having first and s cond major surfaces 36, 38, respec- 
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tively, the plate 3^ being disposed so that the first 

surface 36 thereof faces the second surface 30 of the 
light transmissive panel 24 . The cell element 22 of the 
EPID device 20 includes, in addition to the flat panel 
5 34, which can be of glass or transparent plastic of, e.g., 
about 1.5 mm thickness, a plurality of parallel light 
transmitting conductive electrodes 44 disposed at the 
first major surface 36 of the panel 34, an insulating layer 
48, a plurality of light transmitting electrodes 50, a 
10 colloidal suspension 60, and a light transmissive electrode 
70, as described in detail below. 

The conductive electrodes 44 serve as column 
electrodes and can be composed of, for example, indium 
oxide typically applied to the panel 34 by means of sputter- 
15 ing. In the present embodiment, the column electrodes 44 
are typically 300 nm. thick and have a width of 2.5 mm and 
their length depends upon the extent and size of the display 
device itself. 

The panel 3^ and the column electrodes kk are 
20 covered with the light transmissive insulating layer k8 

that can be, for example, a photoresist or other dielectric 
material, and the insulating layer k8 is, e.g., from 5 to 
50^um thick and applied by a dip coating process 0 The 
electrodes 50 serve as row electrodes (which preferably 
25 are of transparent material, such as tin oxide or indium 
oxide, for example) are disposed at the available surface 
of the insulating layer 48 in the form of parallel strips 
extending transversely to the column electrodes 44. The 
row electrodes 50 can be of aluminium instead of trans- 
30 parent material so long as transparent areas are available 
for light to be transmitted through the cell ? and can be 
formed by vacuum evaporation. These electrodes 50 are 
separated, at least in part, from the column electrodes 44 
by the ins\ilating layer 48. In general, either of the row 
35 or column electrodes can be light opaque so long as at 
least a major portion of the cell area is light trans- 
missive so as to permit light to pass therethrough. The 
row electrodes 50 can have a thickness of afcout 70 nm c and 
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a width, of* about 2.5 mm. Tlie interelectrode spacing 52 of _. 
tlie row electrodes 50 can be similar to that of tlie column 
electrodes kk, i.e., from 25-100yum. 

In a preferred form, tlie row electrodes 50 and 

5 insulating layer k8 are patterned as described in the above 
European Patent Application 0,002,09^ and liave minute 
pockets or holes (not shown) which extend down to the 
column electrodes kk. While this form of electrode arrange- 
ment is preferred, other electrode systems can be used in 

10 the present invention, e.g., a simple patterned electrode 
system such as a seven-segment numeric system. 

The above disclosed holes (not shown) of the row 
electrodes 50 and insulating layer k8 , extend completely 
through the respective row electrodes 50 and insulator 

15 material 48, and expose the column electrodes kk to the 
electrophoretic fluid 60, so that the row electrodes 50 
serve as a control grid. The holes, therefore, form 
pockets or cavities which serve as physical wells into 
which the pigment particles 76 are able to migrate, depen- 

20 ding upon the electric field present e The holes can cover 
at least 50$ and more typically 60-70# of tlie row elec- 
trode surface. 

An exemplary electrical configuration for opera- 
tion of a display cell is that described in the above 

25 EP-PA 0,002,094 shown in highly schematic form* Briefly 
HAscribedj the continuous electrode 70 is grounded ^ al- 
though in other operation modes, a positive or negative 
voltage may be applied to the continuous electrode 70. 
First and second ones of the column electrodes kk are 

30 connected to respective first and second switches, the row 
electrodes 50 being connected to other sources of potential. 
By changing the polarity of the row and column electrodes 
in a manner similar to that detailed by the EP-PA 0,002,09^ 
the colloidal particles 76 will be attracted to or repelled 

35 from the continuous electrode 70 or the column electrodes 
kk, as the case may be thereby forming the pattern for the 
desired image in tlie appropriate regions of the cell 20. 
At those regions where the colloidal particles are in. 
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contact with, the continuous back electrode 70, light is 
coupled into the cell as detailed, below. 

The panel or prism 2k is provided opposite the 



second panel 34 and the plane major surface 30 of* ttie first 
5 panel 2k , which surface 30 faces the second panel 3k 9 is 
coated with the electrode layer 70. The electrode 70 is 
preferred to be a continuous transparent electrode layer 
and can be, e.g., an optically thin layer of indium oxide 
adherent to the prism 2k and applied by the process of 
10 sputtering. Where the electrode layer 70 is not optically 
thin, its index of refraction influences the operation 
of the device and must be taken into consideration. The 
spacing between the continuous electrode 70 (Fig. 2) and 
the control electrodes kk 9 50 can be approximately 4o^um. 
15 The end portions 72 between panels 2k and 3^ are sealed 
(shown in Fig. 2) so that a fluid may be contained there- 
be tween • 



and the continuous electrode 70 is filled with an "electro- 
20 phoretic fluid", such as a colloidal suspension 6o comprised 
of a dielectric fluid 68, such as, e.g., a mixture of 
xylene and perchlore thylene , and transparent or coloured 
particles 76 homogeneously dispersed therein. These par- 
ticles 76 can be transparent or can be pigmented, so long 
25 as they are light transmitting. This suspension 60 is more 
generally referred to throughout the specification as an 
"electrophoretic fluid". All particles 76 in the suspension 
60 have a charge of one polarity which is achieved by the 
addition of charging agents to the liquid with some examples 
30 of suitable agents being an amine attached to a polymeric 
hydrocarbon chain. 



sulating fluid 68, the colloidal particles 76, and the 
panel, or prism 2k and the angles of incidence of the 
35 light rays are determined to satisfy the following equation: 



The region between the column electrodes kk 



The respective indices of refraction of the in- 




where: (Q- is the critical angle 
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is tlie index of refraction of the fluid or of the 

1 

particles, depending on which 3s present at a par- 
ticular area of the interface between tlie fluid 
particle colloidal suspension and tlie panel or 
5 prism, 

is tlie index of refraction of tlie panel or prism 
at tlie interface witli tlie colloidal suspension. 

Tlie angle of incidence ±9 which is defined as 
tlie angle between a light ray and a normal 66 to tlie inter- 
10 face between the colloidal suspension and the panel or 

prism 24, should exceed the critical angle <P for the 

c 

fluid 68 but not Q for the particles 76, in order for 

c 

satisfactory light coupling to occur between the panel or 
prism 24, and the colloidal suspension 60. The angle of 

15 reflection is designated in the figures as 

Various elements having many, if not all, res- 
pective indices '■ of refraction can be used for the present 
invention, so long as the above relationship is met. The 
prism 24 can habe a refractive index of about 1.7> while 

20 the colloidal particles 76 can have a refractive index 
of about 2.0 and the insulating fluid 68 can have a re- 
fractive index of about 1»5- It is important that the in- 
sulating fluid 68 of the cell always have a refractive in- 
dex less than that of the prism 24 and that refractive in- 

25 dex for the colloidal particles 76 be such that the angle 

of incidence not exceed (9 so as to achieve the desired 

c 

light coupling by the particles 76, as described below. 

The visual effects of the EPID operation are 
shown in Fig. 2, where the front side 38 of the EPID device 

30 is used for display, as is shown by the placement of the 

observer, the back side, at which the prism is located, not 
providing an image. The observer views through transparent 
panel 34 the displayed image which is composed of the vari- 
ous light rays coupled into the colloidal suspension 60 

35 by the colloidal particle clusters 80 attracted to the 

continuous electrode 70 by the electrical addressing system 
comprising the various electrodes 44, 50, 70. Since the 
electrophoretic fluid 68 is transparent Ifae light coupled 
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by the colloidal particle aggregrates or clusters $0 
passes there through, and through the transparent electrodes 
50, hh and insulating layer 48, to the observer. The colloi- 
dal particles 76 do not materially aggregrate in the 

5 region of the transparent electrode 50 and insulating layer 
kS so the observer 1 sees light transmitted through the 
cell from the areas of the colloidal particle clusters 80. 
Those areas of the continuous electrode 70 that are sub- 
stantially free of aggregrates of the particles 76 do not 

10 couple the incident illumination at the colloid-plate 
interface at electrode 70 into the colloidal suspension 
60 so that no significant amount of light is transmitted 
at these areas, which cause corresponding parts of the 
image to be dark. No light is transmitted at these parts 

15 because the fluid 68 has a refractive index sufficiently 
lower than the prism Zk so that Q i > (9 C • Light coupling 
by the particles 76 is achieved because they have an index 
of refraction sufficiently high compared to the index of 
refraction of the prism so that & ^c* "*~ n one embo<iimen ^ 

20 of the invention, a light colored yellow pigment is used* 
The display cell possesses "memory" since the pigment 
particles remain on or adjacent to the electrode 70, when 
the applied voltages are removed, due to electrical, 
chemical and van der Vaals forces. Where physically larger 

25 displays are desired, various arrangements employing the 

various embodiment of the present invention can be utilized, 
e.g., one in which a number of arranged prisms, such as 
prism Zh in Fig. 2, are disposed on the display cell in 
the place of a single larger prism, each of the arranged 

30 prisms functioning in the same way as prism 24. 

According to a second embodiment of the present 
invention, the ele c trophoretic display system 100 (Fig. k) 
comprises an electrophoretic cell element 22 comparable 
to that of the embodiment shown in Fig. 2, with correspon- 

35 ding elements of the embodiments of Fig. 2 and k identical- 
ly numbered. The present system comprises a second panel 
102 which has a first surface 109 that has a general profile 
of a sawtooth and an opposite second surface 104 that is 
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substantially flat. A continuous electrode 106, whose 

profile generally resembles that of the surface 109* is 
disposed at the first surface 109, and the refractice index 
relationships above described with regard to the embodiment 

5 of Fig. 2 apply to the present embodiment, as does the 
relationship for the critical angle 0 

The mode of operation of the system 100 is gener- 
ally the same as that for the system of Fig. 2. Specifical- 
ly, the electrode potentials are applied so that particle 

10 aggregrates 80 are formed at the desired areas of the 
continuous electrode 106, as shown in Fig. h m The angle 
of incidence at the interface between the panel 102 

and the colloidal suspension is such that total internal 
reflection occurs at those areas 108 of. the interface 

15 that are substantially free of particle aggregrates and 

the reflected light is re troref lected out of the panel 102, 
and such that light coupling occurs at other areas 110 of 
the interface at which colloidal particle aggregrates 80 
are located. The light coupling precludes total internal 

20 reflection at these other interface areas 110, and light 
passes through the cell to the observer. Those areas 108 
at which total internal reflection occurs will appear as 
dark areas of the image and the light transmitted through 
the cell provides the light areas. 

25 According to a further embodiment (Fig. 5) of 

J_ "i -S J.1 . — J -w, m, 1 t lf\ 4- V. ~ 4- nM -4-T-. ^ 4- -A «=. 

employed with a cell element 22 (similar to that shown in 
Fig. 2, with similar components being identically numbered) 
comprises plane parallel first and second major surfaces 

30 132, 13^, with the continuous electrode 70 of the cell 

element located at the first surface 13^. At an end of the 
plate 130, a light-receiving third surface 138 is angularly 
disposed with respect to the major surfaces to provide edge 
lighting effects where light entering surface 138 is trapped 

35 by total internal reflection within panel 130, except as 
described hereinafter. 

Illumination impinging upon surface 138 enters 
the panel 130, where it is reflected as shown between the 
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surface 13^ at the interface between the plate 1 30 and the 
suspension 60, on the one hand, and the surface 132 between 
the plate 130 and air, on the other hand. The surface 1 32 
may be provided with an opaque layer, e.g., felt cloth or 

5 black plastic. Light is coupled into the suspension 60 at 
those interface areas 148 at which colloidal particle 
clusters 80 are formed and is reflected from other inter- 
face areas 150 substantially free of the coupling colloidal 
particles. The coupled light passes through the cell to 

10 the observer, as described above, with no light emanating 
from the cell at those regions 150 which are free of the 
clusters 80, hence providing a light and dark image of the 
information written into the cell. The areas 148 having 
the clusters 80 or the other areas 150 without such clus- 

15 ters can be considered the "writing" embodying the displayed 
information. 

The projection system provided with an electro- 
phoretic image display device according to the present 
invention may be constructed as illustrated in Fig. 6. A 

20 light source 160 is collimated by collimating lens 1 6 1 

to a totally internally reflecting (TXR) prism 162 having 
the total reflecting surface 1 64 interfacing with an EPID 
type cell 170. The light reflected from the reflecting 
surface l6k of the TIR prism 1 62 is thereafter directed 

25 by way of mirror 165 through a projecting lens 166 onto a 
viewing screen 167. 

* By reference to Fig. 7, control of total internal 

reflected light in the prism 162 by the EPID type cell 

170 may be understood. Namely, the EPID type cell 170 

30 comprises a construction having a thin light trans mis sive 
electrode 176 disposed at the total internal reflecting 
surface 164 of the prism 162. A further electrode structure 

171 is spaced from the first electrode 176 and a colloidal 
suspension of e lec trophore tic particles 172 is provided in 

35 an insulating liquid 173 in the space between the electrode 
structures 176 and 171. A light transmissive plate 17^ is 
disposed adjacent to the electrode structure 171. 

Application of appropriate voltages between the 
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electrode structures 176 and 171 can cause transport of 
the electroplioretic particles 172 In tlie Insulating liquid 
173 onto the surface of eitlier of tlie electrode structures. 
Where tlie electrode structures are formed in an addressable 
5 manner, as shown in tlie embodiment of fig* 2 and 3> tlien 
tlie transport of the electroplioretic par.ticles 172 may 
be in image-wise fashion at selected regions or areas of 
the electrode surface. Under the condition that the index 
of refraction of the insulating liquid 173 is less than 
10 the index of refraction of the prism 162 and/or the elec- 
trode coating 176, and the index of refraction of the 
electroplioretic particles 172 is greater than the index 
of refraction of the prism 162, then the deposition 175 of 
the electrophoretic particles at the prism-liquid interface 

15 or surface 1 64 frustrates total internal reflection of the 
prism 162 at those regions , -Consequently, light will be 
scattered into the EPID cell at the regions 175 and will 
appear as dark areas on the viewing screen 167 since very- 
little reflected light is projected to the screen 1 67 from 

20 these regions. 

Accordingly, by applying appropriate voltages on 
the electrode structures 176 and 171 of the EPID type cell, 
images can be formed which are projected to the viewing 
screen 167« Because the particles 175 may be maintained at 

25 the surface 22 by way of electrical, chemical, and/or van 
dei* waals forces even after the voltage applied to the 
electrodes is removed, then the display device exhibits 
an inherent memory. Removal of the electrophoretic particles 
from the aggregrated regions can be by way of the appli- 

30 cation of an appropriate counter force. 

A scanning laser may be utilised to write infor- 
mation into the EPID type cell. As an operative possibility, 
all of the electrophoretic particles are first broughtto 
the surface electrode structure 171 by applying a voltage 

35 of appropriate polarity. A small reverse voltage is then 
applied such that the particles remain attached to the 
surface, but when the scanning laser beam breaks the van 
der Waal's type bond between the particles and the surface, 
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the Treed particles will move to the TIR-ele ctrode sur- 
face 164, i.e. the prism-liquid interface. After all lines 
are scanned, the cell can be erased by the application of 
the same initial voltage pulse. 

5 In a further operative mode, all of the electro- 

phoretic particles may be attracted to one surface, as 
above where the voltage is then removed, and an information 
writing instrument 180 (Fig. 6), such as an electrostatic 
pencil writes information by hand onto the cell surface 

10 17^* In this regard, if all of the particles have been 

previously attracted to the electrode structure 176, then 
electrostatic pencil 180 repels particles to the opposite 
surface 176, or the TIR- interface . On the other hand, all 
of the particles may be initially attracted to the elec- 

15 trode 176 (with the subsequent removal of the voltage, as 
above), and then the writing of the information with the 
electrostatic pencil 180 would attract the particles away 
from the TIR surface to the electrode structure 171. Re- 
versal of the charge on the electrostatic pencil would 

20 permit local erasure. 

The writing of information by hand with the elec- 
trostatic pencil provides local changes in the position of 
the electrophoretic particles. As such, an image of the 
information written onto the EPID type cell surface 174 

25 would be projected to the viewing apparatus 167. A remote 
blackboard arrangement, thus results in as much as an 
operator can write information onto the surface of the 
EPID cell, which information is then ^projected to a remote 
position for viewing by others. 

30 



35 
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CLAIMS: 



1 . An electrophoretic image display device compris- 

ing a light trans missive first panel element, a light 
transmissive second panel element spaced from said first 
panel element, a light transmissive first electrode dis- 

5 posed on said first panel element, a light transmissive 

second electrode disposed on said second panel element, said 
first and second electrode being disposed on opposite sur- 
faces of the first and second panel elements, an insulating 
fluid disposed between said first and second panel element, 

10 said fluid containing colloidal particles having a charge 
of one polarity, characterized in that the insulating fluid 
and the particles are light transmissive and have refrac- 
tive indices that are different from each other, and the 
second panel element has a refractive index greater than 

15 the refractive index of the fluid, such that the refractive 
indices of said particles and said second panel element 
define a critical angle which is greater than the angle of 
incidence of illumination at the interface between the 
second panel element and the fluid and the refractive in- 

20 dices of said fluid and said second panel element define 
a critical angle which is smaller than the angle of in- 
cidence of illumination at the said interface. 

2. An electrophoretic image display device as 
claimed in Claim 1 , characterized in that the particles 

25 have a refractive index greater than that of said second 
panel element. 

3. An electrophoretic image display device as 
claimed in Claim 2, characterized in that the second panel 
element has a refractive index of about 1.7, the fluid has 

30 a refractive index of about 1.5, and the particles have a 
refractive index of about 2.0. 

b. An electrophoretic display device as claimed in 

■ Claim 1 , characterized in that the particles have a refrac- 
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tive index smaller than that of 4 the second paj?.el element. - 
5. An electrophoretic display device as claimed in 

Claim 1, 2, 3 or k , characterized in that the second panel 
element comprises a prism, 

5 6. An electrophore tic display device as claimed in 

Claim 1, 2, 3 or 4 , characterized in that the second panel 
element comprises a member having a surface with a 
generally sawtooth profile at the side of* said interface. 
7. An electrophore tic display device as claimed in 

10 Claim 1, 2, 3 or h 9 characterized in that the second panel 
element comprises a member having a substantially flat 
first surface at the side of the said interface, a second 
surface substantially parallel to said first surface, and 
further a third surface which is angularly disposed with 

15 respect to said first surface. 



20 
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